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MARTIN BODIAN, M.D., L.R.C.P. & S., D.C.P. Pathologist, Hospital for Sick Children, Great Ormond Street For twenty years it has been known that obstructive jaundice may occasionally be seen in icterus gravis neonatorum. Still (1927) quoted the view that the bile of excessive haemolysis becomes too viscid to pass freely along the ducts, and he mentions the low pressure at which it is secreted. This view does not altogether explain the facts, because a marked obstructive phase does not necessarily go with the greatest haemolysis or the deepest preceding jaundice. MacClure (1931) suggested that the presence of a foreign substance in the bile caused coagulation in the bile capillaries. We favour a third possibility-namely, that biliary obstruction is due to swelling of damaged hepatic cells-because histological studies of icterus gravis show that such an association exists. The association is seen also in conditions other than icterus gavis, for example, stagnation of bile may be seen just outside areas of maximal necrosis in infective hepatitis. Skelton and Tovey (1945) H.TN. Sanford (1940) reported the case ofan infant who at the age of two hours had marked anaemia (red blood cells 1,600,000 per cmmn) and eyythroblastosis (nucleated red blood cells 162,000 per c.mm.). The icteric index was 500 units (35 mg. per 100 c.cm.). Professor Sanford kindly sent the pathologist's report to one of us (R. L.) and we quote: 'The whole of the gall-bladder is slightly thickened and the lumen contains approximately 1 c.cm. of thick stringy bile; practically complete stenosis is seen, and this is traced to the ampufla of Vater. A probe can be inserted into the ampulla for a distance of three millimetres. The cystic duct is so small that a small probe cannot be passed. The same is true of the patent common duct. The lumen of the common bile duct is a-few millis in diameter.' The mother was Rh-negative, the father Rh-positive, and another child born two years later also Rh-positive; this one developed a typical erythroblastois foetalis at birth. Sanford concludes that the first baby was a case of ' atresia ' of the bile ducts associated with erythroblastosis foetalis yet we cannot entirely concur with this view. It appears from the pathologist's report that this was not a case of atresia of the bile ducts but one with some degree of stenosis, which is not very infirequent. Again, the diagnosis of erythrobLastosis foetalis, since it occurred in the pre-Rh period, was not quite proven. The latter child of this family was tested for the Rh factor and the mother found to be Rh-negative, but there is no report that she developed anti-Rh agglutinins. Skelton and Tovey (1945) report two cases of erythroblasosis foetalis associated with congenital atresia of the bile ducts:
FAmILY G. E. The patient, a second child (the first was normal), developed jaundice on the first day, passed bile in the urine, and died aged two days; no blood count was reported. Necropsy disclosed erythroblastosis, marked erythropoiesis in the liver and spleen, fibrous obliteration of the common bile duct, and kemikterus. The father was Rhpositive; the child's Rh factor was not examined (this was in 1942). The first-born child was subsequently examined and found to be Rh-positive, the mother was Rh-negative, and no antibody was demonstrable three years after the birth of the affected child.
CoCEwrr. We tlhink that in this case no final proof of the aiation of the two conditions has 209 been given. The child was not tested for the Rh factor, anaemia is not mentioned as a clinical feature, no Rh antibodies were found in the'mother's serum three years after the-birth of the child, and the mother's serum was apparently not tested at the time when antibodies could reasonably be expected. None of the necropsy findings (erythroblastosis, extra-medullary erythropoiesis, or kernikterus) are absolutely pathognomic of icterus gravis, though they are all highly suggestive.
FAmIY M. The patient, a second child (the first being born normal and now alive and well) had jaundice on the first day, with bile in the urine, and clay-coloure4 stools. Cholecysto-gastrostomy, performed for fibrous occlusion of the common duct, was followed by recovery. This child was Rhpositive, and its father Rh-positive. Its mother Rh-negative. The mother's serum was not was examined for agglutinins at the time of the infant's illness, but they were present in the mother's blood at the third and -fourth pregnancies, which resulted in two babies with erythroblastosis foetalis; these died at the age of four and three days respectively, both with kernikterus.
COMMENT. No suggestion has ever been made that this second child in that family was a case of erythroblastosis foetalis. It has been suggested, however, that it was a case of atresia of the common bile duct. Though we do not know all the clinical details, we venture to suggest that the diagnosis of atresia of the bile duct at operation is often difficult to make. To illustrate this point we would like to mention a recent case in which an experienced paediatric surgeon was concerned. This was a patient, aged one month, with obstructive jaundice from the age of four days, and cholecysto-gastrostomy was performed. At necropsy twenty-four hours after operation the bile ducts were patent, and the obstruction was found to be due to liver cirrhosis of obscure nature, Rh incompatibility having been excluded. -But assuming that atresia was present in the second child in Family M, there is no reason why congenital atresia of the bile ducts and icterus gravis should not occur in different children of the same family. For these reasons we consider that a direct association was not established in Family M.
The same authors go on to quote a third family of six children, the fourth of which died from congenital obliteration of the bile duct. Its Rh factor was not examined. The sixth child died from erythroblastosis foetalis, Rh antibodies having been present in the mother's blood at the sixth pregnancy. This again appears to be a case of the two conditions, biliary atresia and erythroblastosis, occurring indifferent children of one family.
We have been unable to find any more reports in the literature of the association of erythroblastosis and congenital atresia, but we now mention a patient who has come under our observation through the courtesy of Dr. Donald Paterson, yet again there was no absolute proof of the association of the two conditions. M. S., a male baby (two siblings are alive and well and had no neonatal jaundice or anaemia), developed jaundice from the third day which lasted eight days. When six weeks old he had bruising and became anaemic. The jaundice recurred at the age of seven weeks and increased in depth. At eight weeks the liver was found to be enlarged, the spleen was not palpable, and the blood count was 1,500,000 erythrocytes per c. performed; the gall-bladder was found to be solid and rubbery and the liver large and cirrhotic, and no bile ducts suitable for anastomosis were found. The child died seven days later at the age of four and a half months. The liver was found to .be cirrhotic. Bile plugs were found in the intercellular bile canaliculi. The epithelium of the intrahepatic bile ducts was normal. No extramedullary erythropoiesis was noted. The gall-bladder was small and contained very little white bile. The cystic duct and common bile duct were occluded. The hepatic ducts appeared to be patent but were very narrow. The spleen was much enlarged and showed a marked increase of fibrous tissue.
CoMMwNT. In this case there was early neonatal jaundice; at two months there was recurrence of the jaundice, which was clinically obstructive in type; there was late onset of a severe anaemia, and later still cirrhosis of the liver and intercellular bile thrombi. Though the mother was Rh-negative and the infant Rh-positive, no evidence of Rh immunization was found in the mother's serum when the infant was nine weeks old; so that in this case of biliary atresia there is jgain no proof of erythroblastosis foetalis due to Rh incompatibility.
Discussion
The above survey of cases coming under Skelton and Tovey's Type B of biliary obstruction associated with icterus gravis leads us to the conclusion that in no instance has a direct etiological association been proved beyond doubt, though some cases have been highly suggestive of this association.
We have also considered eight cases of atresia of the bile ducts which have been tested in regard to the Rh factor at the Hospital for Sick Children, Great Ormond Street. No evidence of Rh isoimmunization was obtained. The series is very small, but certainly lends no support to the idea that Rh incompatibility is an etiological factor in congenital atresia of the bile ducts. His seven-year-old brother had had no jaundice, but a three-year-old brother had had jaundice from the third to the fourteenth day after birth. The patient had had a normal birth (weight 7 lb. 8 oz.), was breast-fed for three days, and had a 'septic' umbilicus until two months old. There was no neonatal jaundice, but jaundice from two and a half months without constitutional disturbances; stools were pale with a yellow tinge, and the unne was dark and contained bile pigment; there was no vomiting, and he was taking his feeds well. When admitted to hospital he had marked jaundice. The liver could be felt one and a half fingers' breadth below the costal margin. The spleen was not felt. Heart In view of the obshtctive type ofjaundice, with a high serum phosphatase and no anaemia, atsia of the bile duct was suspected and reassessment of the case in a further fortnight decided upon. Meanwhile the baby was sent home. More than a week later he was readintted in extraem dehydration following five days' diarhoea and vomiting, and died after a few hours. Necropsy showed a wasted, jaundiced infant with moderately enlarged liver and a gall-bladder of normal size. Bile could be squeezed through the common bile duct. Four small dark pigment stones were found in the common bile duct and cystic duct, together with much pigment-sand which was also present in the gallbladder. There was some dilatation of the bile passages, including the hepatic ducts behind the site of partial obstruction ( fig. 1 ). The portal systems were enlarged, with a moderate increase of reticulin which was dense and stained with van Gieson's mixture (figs. 2 and 3). There was some albuminous degeneration of liver cells. The sinusoids were congested; the bile duct epithelium was normal. An occasional bile thrombus was seen in the intercellular bile canaliculi.
ComaNT. This is a case of erythroblastosis foetalis due to Rh iso-immunization, coming to necropsy during an obstructive phase of jaundice. The obstruction was extrahepatic in nature, due to the presence of bile pigment stones within the larger bile ducts, the liver being comparatively normal. We are not aware of any previous reports of such nature in proved cases of Rh incompatibility, and the tendency to formation of bile pigment stones in this neonatal form of haemolytic jaundice has not received attention.
Pigment stones were also found in another similar case. An infant, aged six months, with a history of jaundice lasting from the second day for five weeks.
At six months of age there was no anaemia. The baby was Rb-positive, the mother Rh-negative, with a Rh antibody, titre 1 in 64. The liver was one finger's breadth below the costal margin. The spleen was not palpable. At necropsy the liver was macroscopically and microscopically normal. The gall-bladder was small and contained pale bile and three small pigment stones. The bile passages were patent. Still' 1927) reported three cases of biliary calculi in infants aged nine months, eight months, and five months respectively, with no history of jaundice in any of them. At the same time he reviewed some twenty cases reported in the literature, and some of these were infants with jaundice, and may have been associated with icterusgravis neonatorum.
In the literature of icterus gravis there are reports referrg to obstructive jaundice in newly-born infants being due to inspissated bile within the larger bile ducts (Skelton and Tovey, 1945; Davidsohn, 1945; Ladd, 1935 Red blood cells were 3,540,000 per c.mm., no normoblasts. Yellowish fluid (150 c.cm.) was withdrawn, and subsequently an uneven liver palpated. Another Rh-negative blood transfusion of 70 c.cm. was given, but the infant died three days after admission.
At necropsy there was a good deal of clear yellow fiee fluid in the abdominal cavity. The liver was large, firm, and greenish-brown, the surface finely granular. Cross section suggested fibrosis. The liver showed marked fatty degeneration and disintegration of liver cells, with perilobular and multicellular cirrhosis. There were many bile thrombi within the intercellular canaiculi, normal bile duct epithelium, and no evidence of erythropoiesis (figs. 4 to 7).
CommENT. This was a case of Rh iso-imm ation with obstructive jaundice of seven weeks' standing, showing cirrhosis of the liver at necropsy with evidence of intrahepatic bile duct obstruction.
Case 5. M. C., a male full-term baby, weighing 7 lb. 14 oz. at birth, left the maternity department of a London hospital on the twelfth day, weighing 7 lb. 8 oz., with no abnormal phys signs. He was readmitted to the hospital at six weeks because he had not gained weight since birth. We could not obtain any history of neonatal jaundice from the mother, but the Rh serology was investigated. The baby was Rh-positive, the father homozygous RhbRhl, and the mother Rh-negative, with weak anti-Rh agglutinins in serum, titre i in 1-but none were present in her milk. At iron mixture and did not attend the hospital for about six weeks. At five and a half months he was ad- In erythroblastosis the haematology has been intensively studied, but the pathology of the liver has received insufficient attention; haemopoiesis has been generally noted, but little attention has been given to the changes which can often be seen in the liver cells. In early cases of icterus gravis, Hawksley and Lightwood (1934) showed the possibility of considerable necrosis in the polygonal cells, and that hepatic cirrhosis may follow at a later stage. These observations were confirmed by Henderson (1942) , who found even greater changes in stillborn erythroblastic foetuses, and by Gilmour (1944) .
The condition of the bile ducts in erythroblastosis has also received too little attention. On clinical grounds the jaundice has been regarded as purely haemolytic. In icterus gravis the stools are usually well-coloured and bile pigment is often excessive. Hawksley and Lightwood (1934) accepted the haemolytic mechanism, but showed that there could be an evanescent obstructive phase as well. Thus it became necessary to recognize two mechanisms, haemolytic and obstructive (Ross and Waugh, 1936) , and haemolysis is the factor chiefly concerned.
Biliary obstruction may occur at the height of the haemolytic jaundice or may only appear two to four weeks afterwards. The icterus is never wholly obstructive unless a late stage is reached. It is when the phase of obstruction is prolonged that confusion with congenital obliteration of the bile ducts is likely (Lightwood, 1943) . Both conditions may show clinical remissions. Anaemia is often present in cases of atresia of the bile ducts, and we have seen counts of 3,000,000 red cells per c.mm.; in one case (M. S., see p. 2) the red count was 1.500,000 per c.mm. The presence or absence of bile in urine and stools are certainly not distinguishing features: we have seen cases of icterus gravis in which stercobilin was absent from stools. The alkaline serum phosphatase may be of critical value. A normal value is evidence against extrahepatic obstruction. The degree of rise in phosphatase does not, however, help in differentiating intrahepatic from extrahepatic obstruction: we have seen values of some 40 units in atresia of the bile ducts, and of some 80 units in cirrhosis of the liver with patent main bile ducts. On the other hand, low values may be found in cirrhosis and higher figures in atresia.
The data in the present paper suggest that biliary obstruction may appear as early as the first week in cases of erythroblastosis. or later, and that, once established, this type of icterus may continue for several months, or pursue a recurrent course.
In our fatal cases we have observed varving degrees of albuminous degeneration, fatty degeneration, and focal or diffuse necrosis of liver cells. Increase of reticulin was noted in all the fatal cases. In some it was most marked in the portal systems, which were enlarged. In other cases reticulin was particularly increased in the periphery of the lobules, but also around small groups of cells. Where reticulin fibrils were condensed, they could be stained with van Gieson's mixture. We have deliberately looked for histological evidence to indicate that the lining epithelium of the bile ducts can be damaged or structurally altered in icterus gravis, for example by an antigen-antibody reaction in the neighbourhood, or by stagnation of bile in their lumina. No such evidence has been seen. In a few cases we have found that the obstruction is extrahepatic through the presence of pigment stones in the larger ducts. In icterus gravis, where there is prolonged biliary obstruction, the clinical picture closely resembles congenital atresia, and it is natural that a causal relation has been suggested by more than one observer, but we have been unable to obtain any wholly satisfactory evidence of any such cause and effect. Although there are records of suggestive cases, we find that the evidence to date does not indicate a true association.
While an obstructive jaundice persists, the prognosis remains in doubt though it is by no means necessarily bad. In favourable cases the jaundice eventually clears, but in others cirrhosis occurs.
Our findings in case 5 and sibling suggest another etiological factor for familial cirrhosis of the liver.
Summary
The first part of the paper contains a review of the literature of cases of biliary atresia thought to be causally associated with icterus gravis neonatorum. In the light of Rh serology, no such association appears to have been proved beyond doubt, though some cases are highly suggestive. At any rate, Rh iso-immunization would not appear to be a major etiological factor in the pathogenesis of atresia of bile ducts.
In the second part of the paper, specimen cases are reported illustrating the intermittent and the continuous obstructive type of jaundice occurring in icterus, gravis. This is followed by case and necropsy reports indicating the pathology underlying obstructive jaundice in icterus gravis: intrahepatic obstruction due to liver-cell damage which may lead to cirrhosis of liver, or extrahepatic obstruction due to pigment stones in the main bile ducts. The diagnosis between these two conditions and atresia of the bile ducts is discussed.
